Piper betle Linn.leaves are traditionally used as a folk medicine in India and other Asiatic countries. Twenty-one P. betle landraces were analyzed using a Direct Analysis in Real Time (DART) mass spectral technique and evaluated on the basis of molecules detected in the leaves. Clustering of landraces based on three well known biologically active phenols (m/z 151,165,193) showed two broad groups with high and low phenol contents suggesting differences in their therapeutic potential. Findings of this study could be useful in rapid screening of the landraces for determining their medicinal potential and optimum utilization of the bioresource.
Piper betle Linn. (PB) is a pan-Asiatic cultural plant and, according to estimates, nearly 600 million people consume it daily in one form or another [1] . In terms of consumption it ranks next only to coffee and tea. The plant is a native of tropical Asia and grows wild in these regions. Traditional uses of this plant are well known in India and many others countries of South East and Far East Asia. It is widely used in the treatment of coughs and colds, wound healing, oral hygiene and many other ailments. It is also known to have digestive, carminative, anti-inflammatory, and cardiotonic properties. The Indian system of medicine, Ayurveda, recognized the importance of PB and some thirteen properties were ascribed to it [2] . In recent years several properties have been demonstrated in PB like pro-apoptotic, anti-amoebic, anti-oxidant, larvicidal, anti-allergic, anti-fungal, anti-bacterial, anti-inflammatory, hepatoprotective, anti-diabetic, wound healing and suppression of halitosis [3 and references therein] .
PB is a shade loving climber and cultivated widely in tropical and some subtropical regions of India. In India more than a hundred PB landraces have been recognized [3] . Biodiversity within a species is represented by landrace and/ or variety. No extensive systematic studies on characterizing these landraces have been made in the past. Some work on the essential oil has shown that most of the PB landraces fall into five broad groups, Bangla, Kapoori, Khasi, Sanchi and Meetha [4] . Studies conducted on molecular taxonomy using random amplified polymorphic DNA (RAPD) using seventy landraces have also shown the existence of major groups as Bangla, Kapoori and others [5, 6] . Recently DART-MS was used for studying some PB landraces and the method was found to be useful for screening [7] . Since PB is an important cultural and medicinal plant it is important to explore the available biodiversity for its therapeutic potential. In this communication we have screened twenty-one PB landraces using DART-MS and shown its utility in predicting their therapeutic potential.
DART-MS profiles of twenty-one P. betle landraces showed characteristic differences, as illustrated by the spectra shown in Figure 1 . The representative spectra of three landraces, namely Jagarnathi Green, Bangla Mahoba and MeethaPatta, showed intraspecific variations within the landraces (spectra of other landraces are given as supplementary data). The peaks at m/z 193, 207, 235 and 252 were common to all the landraces, which makes these peaks constitutive for PB. Other major peaks seen in the spectra at m/z104, 118,132,135,151,163,165,166,175,177 and 205 were not constitutive making them useful as markers for landraces. The DART mass spectra did not show peaks attributable to terpenes, except for a small peak at m/z 205 corresponding to sesquiterpenes. Peaks were observed at m/z values that corresponded to several reported phenols and their acetates in PB leaf. The peaks at m/z 135, 151, 165, 177, 193, 207 and 235 could be due, respectively, to chavicol, allylpyrocatechol (APC) and/or carvacrol, eugenol and/or chavibetol (CHV), chavicol acetate, allylpyrocatechol acetate, chavibetol acetate and allylpyrocatechol diacetate. Since some of the phenols have the same molecular weight it was not possible to distinguish them from DART mass spectra alone, as in the case of the peaks at m/z 151 and 165. A peak at m/z 135, corresponding to chavicol, was detected only in landraces Saufia and MeethaPatta. From the spectra it can be seen that APC and/or carvacrol was present in all landraces, except Desawari, whereas eugenol and/or CHV was absent in Desawari, Mahoba and Sanchi*. Chavicol acetate was present only in Bangla, MeethaPatta and Saufia, as it could not be detected in other landraces. The structures of the bioactive molecules giving the ions at m/z 151 and 165 are shown in Figure 2 .
The chemical constituents of betel essential oil consist mainly of terpenes and phenols [4] , and the characteristic flavor of betel is due to phenols. The terpenoids include 1,8-cineole,cadinene, camphene, caryophyllene, limonene, and pinene. Chavicol, allylpyrocatechol, carvacrol, safrole, eugenol and chavibetol and their acetates are commonly found in PB. Bioactive molecules reported in the literature are mainly eugenol, methyl eugenol, chavibetol, APC, APC acetate, carvacrol and methyl chavicol. However, APC is the most active constituent [3 and references there in], and its concentration is correlated with biological activity [3, 8] . The importance of chavicol [8] , and total phenol content has also been NPC Natural Product Communications reported [10] . Thus the biological activity in PB is mainly due to various phenols [3] .The DART mass spectra of PB showed peaks at m/z values corresponding to several of the reported phenols and their acetates in PB leaf; these are in agreement with earlier findings [7] . Peaks corresponding to chavicol, APC, chavibetol, chavicol acetate, APC acetate, chavibetol acetate and allylpyrocatecholdiacetate were detected in PB landraces. Due to the same molecular weight of some of the phenols it was not possible to distinguish them from the DART mass spectra alone, as in the case of the peaks at m/z 151 and 165, which could be respectively due to APC and /or carvacrol and eugenol and /or chavibetol.
The percent ionization of the peaks at m/z 151, 165 and 193 is shown in Table 1 . Based on total phenolic content (sum of these three peaks) the top four landraces in descending order were Jalesar Green>Kalkatiya>Sirugamani>Deshi. Most of the earlier findings suggested that the biological activity of PB was due to APC [3 and references therein] and possibly its acetate, which was detected unambiguously in the present study. The level of APC and /or carvacrol varied in landraces and the highest value was observed in landrace Mahoba; other notable landraces with high contents were Sirugamani>Jalesar Green >Deshi Bangla. Based on eugenol and /or CHV, the landraces may be graded as Saufia> Bangla Mahoba>MeethaPatta>Deshi Bangla >Deshi>the rest.
Most of the studies of PB were made using a crude extract of one or two landraces [3] . Significant differences in total phenol content and antioxidant activity in five PB landraces, mainly BanglaMahoba, Deshi Bangla, Kaker, KapooriVellaikodi and Madras PanKapoori were reported by Tripathi [10] . Our findings based onDART-MS also show marked differences in phenols, which are in agreement with the reported findings [10] . The clustering of twenty-one PB landraces was based on three ions (Table 1 ) and summarised in Figure 3 . The average of the three ions clustered twenty-one landraces into two broad groups. Landraces Bangla, Bangla Mahoba, Deshi Bangla, Deshi, Jalesar Green, Jalesar White, Kalkatiya, Mahoba, and Sirugamani, with higher
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Natural Product Communications Vol. 7 (12) 2012 1629 APC and/or carvacrol contents, clustered in one group. The other group comprised landraces Bangla Meetha, Desawari, GanzaamUdisa, Jagarnathi Green, Jagarnathi White, Maghi white, Maghi, MaiharDeshi, MeethaPatta, Sanchi*, Sanchi**, and Saufia, with low APC and/or carvacrol or higher eugenol and/or CHV content. Considering the importance of APC in biological activity, groups with high and low APC were, respectively, designated as high and low therapeutic potential groups. Thus, the DART-MS profiles for APC and CHV is a good predictor of the therapeutic potential of P. betle landraces. Percent ionization of bioactive molecules can be taken as a parameter to compare the relative biological activity of landraces based on the assumption that ions are directly related with molecules. Further studies on quantification and biological activity are required to authenticate these findings. It is estimated that in India nearly one hundred PB landraces are in cultivation [3] . Thus, in order to select the most suitable ones for medicinal uses, it is important to screen the available biodiversity by generating their chemical profile. Thus screening of the landraces will not only validate existing information, but will also yield new data on their chemical constituents for predicting biological activity. It will also help in optimizing mass cultivation of the best suited landraces for obtaining drug(s) leading to the best utilization of natural resource.
Statistical analysis:
Neighbor joining (NJ) tree for PB landraces was generated from the m/z peak data such that only the polymorphic peaks are included in the analysis. The binary state criterion (present/ absent) was used for generating the NJ tree by FREETREE software using the Jaccard coefficient and the NJ method. Four peaks present in all PB landraces screened were not included in this analysis. Cluster analysis was based on three known biologically active ions (m/z 151, m/z 165 and m/z 193) after standardization (mean=0, SD=1). All statistical analyses were performed on STATISTICA windows version 7.0 (StatSoft, Inc., USA).
Experimental
Twenty-one PB Indian landraces, namely Bangla, Bangla Mahoba, Deshi Bangla, Desawari, Deshi, Jalesar Green, Jalesar White, Kalkatiya, Mahoba and Sirugamani (from Lucknow); GanzaamUdisa, Jagarnathi Green, Jagarnathi White, Maghi White, MaiharDeshi, and Sanchi* (from Varanasi); and Bangla Meetha, Maghi, MeethaPatta, Sanchi** and Saufia (from Kolkata); were used in the study. The leaves were collected from different markets and institutions in India and were washed and wiped dry before use. The mass spectrometer (JMS-T100 LC; AccuTof, atmospheric pressure ionization time-of-flight mass spectrometer, Jeol, Tokyo, Japan) fitted with a DART ion source was used in the study. The mass spectrometer was operated in positive-ion mode with a resolving power of 6000 (full-width at half-maximum). The orifice 1 potential was set to 28 V, resulting in minimal fragmentation. The ring lens and orifice 2 potentials were set to 13 and 5 V, respectively. Orifice 1 was set at 100°C. The RF ion guide potential was 300 V. The DART ion source was operated with helium gas flowing at approximately 4.0 L/min. The gas heater was set to 300°C. The potential on the discharge needle electrode of the DART source was set to 3000 V; electrode 1 was 100 V and the grid was at 250 V. Freshly cut pieces of betel leaf were positioned in the gap between the DART source and mass spectrometer for measurements. Data acquisition was from m/z 10 to 1050. Exact mass calibration was accomplished by including a mass spectrum of neat polyethylene glycol (PEG), as well as a 1:1 mixture of PEG 200 and PEG 600 in the data file. m-Nitrobenzyl alcohol was also used for calibration. The mass calibration was accurate to within ± 0.002 m/z and the elemental composition was determined on selected peaks using the Mass Center software.
